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Abstract 
Using representative case studies, the paper is to illustrate importance of management, maintenance and reconstruction 
of footbridge structures. Particularly inspection importance for timely discovering of imperfections, potentially reducing 
safety and load carrying capacity are illustrated at effected investigations of actually common structural systems.  
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1. Introduction 
The primary purpose of bridge inspections is to maintain the public safety and confidence. Ensuring 
operation security and investment decision requires a comprehensive bridge inspection. The frequency, scope, 
and depth of the inspection of superstructure generally depend on age, traffic characteristics as well as state of 
maintenance, fatigue-prone details and known deficiencies. Bridge owners may establish the specific frequency 
of inspection based on the above factors. The inspections of a bridge prompt several unique challenges to 
bridge inspectors. To this end, a bridge inspector should be knowledgeable in material and structural behaviour, 
bridge design, and typical construction practices. Actual corresponding guidelines regarding bridge inspection 
procedure, inspector qualifications, reporting format, and rating procedures require that each bridge that is 
opened to public, should be inspected at regular intervals not exceeding 4 years.  
 
Some of the major responsibilities of a bridge inspector are to identify minor problems that can be corrected 
before they developed into major repairs; to recognize structural components that require repairs in order to 
avoid total replacement; to discover unsafe conditions and to prepare accurate inspection records, documents as 
well as recommendation for corrective actions. In the paper four case studies are given to illustrate the above 
activities on the footbridge structures.  
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2. The beam footbridge over railway track 
The footbridge should offer to users crossing over tracks in railway station. The superstructure consists of 
continuous eight spans girder 12.20 + 16.00 + 15.10 + 14.45 + 10.50 + 10.20 + 13.30 + 7.80 m long. The 
footbridge begins with stair platform on the left side of railyard, Fig. 1. In its cross-section, the structure is formed 
of two main beams 2.0 m spaced, connected transversally by cross-beams at 2.0 m distance rate and longitudinally 
reinforced by horizontal bracing. The footbridge substructure comprises eight piers and side abutment. This first 
lateral footbridge support is spatial trusses column at the cap level of 7.34 m, terminated by the staircase platform. 
The intermediary piers from 2 to 7 are hinged wall trusses from 6.6 to 7.4 m high. The end lateral pier has height 
only 1.13 m, because it could be located on the top of the supporting wall limiting tracks on the right side.  
          
Fig. 1. (a) General view of footbridge; (b) Footbridge conception in longitudinal layout 
Common identified defects in concrete decks were wear, scaling, delamination, spalls, longitudinal or 
transverse flexure cracks in the negative moment regions, corrosion of the deck rebars, cracks due to reactive 
aggregates and damage due to chemical contamination. The importance of a crack might vary with the type of 
concrete deck. Thus, the several cracks in a composite deck could affect the structural capacity. The composite 
concrete deck of the assessed footbridge, casted in the trapezoidal cold-formed sheets, as wearing surface was 
only slightly worn-down. But it was not easy to exactly specify the corrosion rate of steel panels below the 
concrete layers, which were only partly damaged by frost and chemical erosion, as the most recognizable type 
of pavement deterioration. 
         
Fig. 2. (a) Cross-beam corrosion; (b) Horizontal bracing corrosion 
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Nevertheless, in a corrugated steel flooring system, section loss due to corrosion might affect the load-
carrying capacity of the deck and thus the actual amount of remaining materials had to be evaluated and 
documented. The parts of adjacent timber deck remained mostly without any important damages. Common 
defects were crushing of the timber at the supporting floor system, flexure damages such as splitting, sagging, 
and cracks in tension areas, and decay of the deck due to biological organisms, especially in the areas exposed 
to drainage near the main girders. Widespread defects in steel decks were cracked welds, broken fasteners, 
corrosion, and broken connections. The most affected by the corrosion were particularly the cross-beams, Fig. 
2a. Completely damaged by corrosion were horizontal stiffening parts of the footbridge Fig. 2b. Section loss 
due to corrosion can be reported on the staircase due to inappropriate winter maintenance, as not negligible 
percentage of the original cross-section of components, Fig. 3a. The new piers 2 and 3 were affected by local 
corrosion without major corrosive decreases. The piers 4, 5 and 6 presented the slot corrosion of large scale, 
Fig. 3b. Because of inappropriate discontinuous welds of piers, water penetrated into the gaps between 
reinforcing flanges and rolled profiles producing the gap corrosion. The corresponding section loss can affect 
their function. Corrosion of the side pier 8 was only local without significant impact on its resistance. 
         
Fig. 3. (a) Staircase corrosion; (a) Piers gap corrosion 
The prime aim of the preliminary static analysis was to determine the possibility of using the main girders 
for probable footbridge reconstruction. Simplified static calculation was elaborated under the following 
preconditions: footbridge supporting piers will be repaired and reinforced so that they would transfer loading of 
the footbridge; all cross-beams as elements of the bridge deck will be reconstructed by their replacement; 
horizontal stiffening bracing retrofitted; construction defects repaired and surfaces cleaned; and staircase will 
be completely replaced by a new one. Analysis of the footbridge was executed by numerical model in the 
software based on the Finite Element Method. The model considered real geometrical and section characteristic 
of the structure. As a conclusion of the analysis, it could be clearly stated that main girders might be reused in 
following footbridge rebuilding. However, the local strengthening would be most likely indispensable.  
3. Statically determinate suspension footbridge 
Remarkable suspension footbridges were being constructed recently even though their centre span lengths were 
not outstandingly long. The superstructure in the Fig. 4(a) and Fig. 4(b) adopted two rolled stiffening girders 
which gave rigidity to the footbridge for distributing the load through the hangers and thus prevent excessive 
deformation of the cables. The distinguishing feature of the footbridge is three hinge continuous stiffening girders 
50 m long. The hangers as steel round rods were in diagonal form. The main cables were composed of cold-drawn 
galvanized steel wire about 5 mm in diameter with a void of about 20%, which was longitudinally and cross-
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sectionally consecutive with the 4.0 m theoretical initial mid-length sag. Their external anchorage structure 
included bent block and anchor frames fixed to the gravity foundation resisting the tension of the main cables and 
taking it directly into ground. Main cable corrosion might be caused not only by water and ion invasion from 
outside, but also by dew resulting from the alternating dry and humidity conditions inside the cable void. Since the 
main cables of a suspension structure are the most important members, corrosion protection is extremely 
important for the long-term maintenance. The inclined portal pylon 14.0 m high should support the main cables 
and the suspended structure. The tower shafts were box sections with rib stiffening plates. 
                 
Fig. 4. (a) Profile levelling of suspension footbridge; (b) Retrofitted deck of suspension footbridge; (c) Continuous truss footbridge  
 Taking into account the age, exploitation characteristics, state of maintenance, fatigue-prone details, 
importance expressed by weight limit posting level and known deficiencies, bridge owner ordered the 
comprehensive inspection focused on the above factors. Controlling inclined location accuracy to ensure that 
the fixed tower shafts are in the proper position was particularly important. The field measurement would later 
be used to identify actual geometry of the footbridge structure. The longitudinal layout control discovered an 
additional a half meter deflection instead a camber due to time-dependent value of 0.8 m supplementary cable 
sags. The friction losses of prestress caused by the cable curvature effect and the local deviation in cable profile 
together with the time-dependent losses due to relaxation of the cables during the service life did affect only the 
service performance, such as camber and deflections. As the structural system of footbridge was statically 
determinate, they had no effect on the ultimate strength of flexural members. Only limited improvement and 
maintenance works were required to alter the arrangement of the structure and restoring it to its original service 
level. The layer of asphalt concrete overlay was also placed to provide a smooth driving and wearing surface.  
4. Cable-stayed footbridge 
The concept of the forty years old cable-stayed footbridge 1.4 m large in the Fig. 5 is simple, technically 
innovative, challenging and more economical. The structural form of this cable-stayed superstructure is 
overlapping triangles comprising the pylon, cables, and girder. A harp parallel inclined cables configuration has 
been used to carry mainly vertical loads acting on the castellated girder merely 0.66 m and transfer it to the towers 
5.2 m high and the back-stay cable anchorage. The stay cables barely 22 mm in diameter, composed of small 
wires provided intermediate supports, replacing pier for the girder so that it can span a long distance about 40 m. 
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All these members are under predominantly axial forces, with the cables under tension and both the pylon and the 
girder under compression. The cables in this stay system were six lock-coil strands with wax and grease coating as 
corrosion protection filling the voids between the wires. Fixed-type cable anchorages are dead-ended at the lower 
part on the concrete gravity foundations and on the stiffening girders in the main span. Open deck joints were 
placed between the deck sections and abutment backwall allowing water and debris to pass through. At the upper 
part of the portal rocker towers, as the most logical shape structurally for a two-plane cable-stayed footbridge, a 
saddle passing provide continuous cables from both sides. The cable shoes at the ground back-stay anchorage end 
provide the ability to post-tension for eliminating stress losses in cable stays due relaxation.  
         
Fig. 5. (a) Castellated beam and stays of footbridge; (b) The back-stay cable anchorage with shoes 
 Damage of an anchor shoe was discovered, clearly due to overstress, evidently brittle crack without inelastic 
elongation as well as decrease in cross-section of this tension component. The causes of the overstress resulted 
from improper design and load-carrying path of this bearing detail. However, this redundant steel footbridge could 
get multiple load-carrying mechanisms and may be categorized as a non-fracture-critical structure. The cracking 
of anchor shoe showed a serious problem. It had to be addressed immediately by restricting traffic on the bridge 
and repairing the defects under an emergency contract. Dripping water through open joints had damaged the 
bearing details. Metal bearings became inoperable due to corrosion, mechanical bindings; build-up of debris and 
other interference. The corrective measures allowed the bearing details to function properly.  
5. Continuous truss footbridge 
Continuous bridges spanning over waterways, especially rivers and streams, sometimes provide major 
maintenance challenges. These bridges are susceptible to scour of the riverbed. The next example is the modern 
footbridge, continuous five spans 36.0 + 3 x 48.0 + 36 m and typically Warren trusses 4.0 m high with verticals 
in the parallel chord configuration, see Fig. 4c. Given the need to resist vertical and lateral loads, it was 
possible that the configuration could be three-sided. This triangular geometry was able to accommodate the 
footway clearances. Sway frames were typically used in this form of truss for portals bracing and ensuring the 
upper compression chords buckling resistance. The chords were evolved from the more structurally efficient 
box members. Whereas H-shapes for diagonals and verticals as truss members were applied as being more and 
easier to maintain as all surfaces were accessible for painting. The lateral angle bracing in the plane of the 
bottom chords should resist wind loads. The floor system framing consisted of the cross-beams hung from truss 
yokes and the simple-span stringers framing between cross-beams, supported by saddle brackets on the cross-
beam webs. The use of lightweight concrete deck system could lead to further reduction in weight and, hence, 
savings as well as holding the potential for significantly reduced maintenance. 
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The side abutments provided the support to the footbridge at its ends, connected superstructure with the 
approach pedestrian way, and retained the street base materials from the bridge spans. These open-end 
abutments had slopes between the abutment face and the edge of river that the footbridge over crossed. Solid 
wall piers were used at water crossings since they could be constructed to proportions that were both slender 
and streamlined. These features lend themselves well for providing minimal resistance to flood flows. Shallow 
foundations with spread footings could provide their support entirely from their bases. In general, they should 
provide adequate safety against structural failure of the foundation, offer adequate bearing capacity of soil 
beneath the foundation with a specified safety against ultimate failure and achieve acceptable total or 
differential settlements under working loads. Bearing capacity failure occurred depends on the relative 
compressibility of the soil, footing embedment, loading conditions. Local shear failure generally consists of 
clearly defined rupture surfaces beneath the footing and the failure pattern on the sides of the footing not 
obviously defined. Therefore, the piers had isolation structures in form of sheet diaphragm walls, and soil-
mixing forming an enclosure.  
 
The large river has been significantly changing their size over the period of the lifetime of the footbridge. Its 
riverbed has altered in several ways and thereby jeopardized the pier base stability. Several types of riverbed 
alterations were identified, mainly scour, channel misalignment, and bank erosion. Scour around the bridge 
substructures poses potential structural stability concerns, considering the hydraulic features upstream and 
downstream, riverbed sediments, substructure section profile, shoreline vegetation, flow velocities, and 
potential debris. When the scour depth achieved lower of the spread footing base, imposed settlement produced 
overstress of the upper chords and buckling failure occurred. 
 
Bridge design of repairs had carefully described the type of chords retrofitting, the scope of the work for 
piers foundation reinforcement for increasing of the load-carrying capacity of existing supports at the service 
level higher than originally had, including estimation of the quantity of materials. The underwater components 
that cannot be visually evaluated during periods of low flow or examined by feel for their physical conditions 
are required in future to be inspected at an interval not exceeding 4 years. 
6. Conclusion 
 Generally, it is tendency to believe that the bridge will have adequate capacity to handle the actually present 
operation. However, changes in a few details during the construction phase, failure to attain the required 
material strength, unexpected settlements of the foundation after construction, and unforeseen damage to a 
member could influence the capacity of the structure. In addition, older bridges might have been designed for a 
lighter live load than is used at present, or according to different design codes. Also, the load-carrying capacity 
of the bridge structure may have altered as a result of deterioration, damage to its members, aging, added dead 
loads, settlement of bents, or modification to the structural member.  
 
Once a bridge is constructed, it becomes the property of the owner or agency. The evaluation or rating of 
existing bridges is a continuous activity of the agency to ensure the safety of the public. The evaluation should 
provide necessary information to repair, rehabilitate, post, close, or replace the existing bridge. 
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